Trans-tibid amputees with different indications for amputation often have stump problems. Many active amputees have limits in daily life and sports activities because of pressure ulcers, friction, allergic dermatitis or volume changes. Many methods and materials have been tried to make a well-fitted socket. A new polyurethane concept had been designed with a shock absorbing effect. The purpose of this prospective study was to compare a conventional suspension with a polyurethane concept with regard to the amputees' satisfaction, socket comfort, physical capacity and to analyse the long-term effect.
Introduction
Lower-limb amputees experience mobility and prosthetic comfort without pain as the most important parameters when using their prostheses (Klute et al., 2001 ; Postema et al., 1997b) . Trans-tibia1 amputees might have a limit in walking capacity due to inadequate socket fitting with excessive pressure forces, shears (Zhang and Roberts, 2000) , torques and friction between skin and liner (Sanders et ai., 2000) .
Skin problems such as allergic contact dermatitis, follicular hyperkeratoses, verrucous hyperplasia and infection are common (Lyon et al., 2000) . Prominent bone, volume changes and pain add to the list of problems (Levy, 1995) .
Several authors have investigated the considerable motion and shear stresses on the 'tibial stump in the liner (Sewell et of., 2000; Zhang and Roberts, 2000). Many attempts have been made to get an objective and clinically usefut method of making a well-fitted socket (Sewell et al., 2000) .
Amputees in the vascular group are especially vulnerable as well as diabetics with polyneuropathy (Levy, 1995) . Stump To avoid skin problems a high quality liner is mandatory (Sewell et al., 2000) . The silicone liner (ICEROSSTM) reduces the friction between skin and liner and has improved the comfort in rest and during walking but might still produce torque forces on the stump (Cluitmans et al., 1994) .
A new concept with a thick and pressure reducing polyurethane liner (TEC" Interface -Total Environment Control) combined with a sleeve was introduced in Sweden by Caspers in 1995.
The purpose of this prospective study performed 1995-96 with follow-up 1999 and 2001 was to compare a conventional suspension with or without a silicone liner with a polyurethane concept in trans-tibia1 amputees with regard to the amputees' satisfaction, socket comfort, physical capacity and to analyse the long-term effect. In a subgroup of 7 amputees gait analysis was performed. This consecutive prospective study included 29 amputees who received the recently introduced polyurethane concept when they visited the orthopaedic workshop for a routine service of their prostheses. Mean age was 39 years (range 7-78) at amputation and 54 years (range 23-8 1) at study start. There were 24 males and 5 females. The indication for amputation was traumatic (19, tumour (l), infection (2), diabetes mellitus (3) and other vascular disease (8). The amputees with diabetic and vascular disease were classified as the vascular group and the others as the non-vascular group (Table 1) .
The vascular group received the polyurethane concept 2 years (mean) and the non-vascular group 21 years (mean) after amputation. Eighteen (18) were right and 11 left trans-tibia1 amputees. Before the study 18 amputees used a silicone liner (ICEROSS), 9 the EVA soft liners and 2 the vacuum concept. Six (6) amputees had a long, 20 ordinary and 3 shod stumps. The stump size classification according to Persson was used (Persson and Liedberg, 1983) . The mean length of the stump was 15 cm (range 9-22) ( Table 1) .
Five (5) amputees had no stump problems or other locomotion insufficiency. Twenty (20) amputees had stump problems and for 18 pain was a limiting factor in walking distance. No amputee had consulted their orthopaedic surgeon concerning the stump problems or the pain. Three (3) had foot or knee problems and one had an arm amputation. The amputees in the vascular group had some problems related to their disease. None of the amputees used analgesics and they used their prostheses most of the day.
Gait group
The gait group included 7 out of the 29 amputees, 4 males and 3 females, 4 from the non-vascular and 3 from the vascular group with a mean age of 46 years (range 23-71) at the start of the study. Before they were-offered the polyurethane concept all used a well-fitted prosthesis. They received the polyurethane concept in average 9 years (range 1-39) after I . Astriim and A. Stensrrom amputation ( Table 1) . Six (6) were right and 1 left trans-tibial amputees.
The prosthetic foot remained the same as before the change of liner. Three (3) amputees used a multiflex foot, 1 Swepro, 1 Id10 dynamic foot and 2 energy storing foot (Vari-Flex). Two (2) amputees had a long stump, 4 had ordinary and 1 short stump. The mean length of the stump was 16 cm (range 10 -20) (Table 1) .
At the first visit the amputees were examined with respect to the clinical situation and functional limitations. One (1) had a foot problem on his non-amputated side and he was also an upper limb amputee.
All amputees used their prostheses for a minimum of 10 hours a day. Their daily walking distance varied from 200 to 2000m with a maximum distance of 400 to 5000m a day.
Before the study started 5 amputees used a silicone liner and two used an EVA soft liner.
All had a hard outer socket with ICBM suspension.
Methods

Questionnaire
Two (2) months after fitting with the new polyurethane concept a self-administrated questionnaire evaluated the previous concept versus the polyurethane concept with respect to physical capacity such as walking distance and velocity, safety, walking on rough ground, on slope and stair climbing.
Socket comfort in the previous and the polyurethane concept was estimated with respect to skin condition, socket volume, temperature and pressure as well as practical handling (donning). The scale was graded in 5 categories: "previous socket much better", "previous socket better", "no difference", "polyurethane concept better" and "polyurethane concept much better".
There were 4 questions about the advantages and disadvantages with the previous and the polyurethane concept respectively and 2 about ,daily waking distance and maximal distance.
Gait registration
Gait was recorded twice in the 7 amputees (gait group), first with the previous well-fitted prosthesis and after 2 months well-fitted with the polyurethane concept. The amputees kept the same prosthetic foot. They were registered with the VICON 370 3-dimensional motion analysis system (Oxford Metrics Limited) with one Kistler force plate, 5 infrared cameras, a data station 80386SX-40MI-I~ and a PC workstation.
Sampling rate was 50Hz.
Thirteen (1 3) spherical retro-reflective markers with a diameter of 25mm were placed on well-defined anatomic landmarks on the pelvis and the lower limbs.
Video registrations were carried out on both occasions.
Four (4) recordings were collected at comfortable walking speed and 2 at fast speed along a 10m gaitway. The subjects tested the gaitway before the registration. All subjects wore their own 'comfortable shoes and all prostheses were aligned by the same experienced prosthetist.
Gait symmetry index
Gait symmetry index (SI) (Board et al., Dingwell et al., 1996; Prince et al., 1992; Robinson et al., 1987) was used in this study to compare differences between the non-amputated and the amputated leg in temporal, stride and kinematics variables. The limit for "good symmetry" was chosen at a difference of +/-lo% (Dingwell et al., 1996; Robinson et al., 1987) . Differences' between symmetry indexes were calculated.
Temporal and stride variables
In order to evaluate socket comfort in relation to walking capacity and gait symmetry the following parameters were used.
Definitions of temporal and stride variables according to Winter (1991) : speedthe average horizontal speed of the centre of mass of the body in the vertical plane; step lengththe distance from a point on one foot to the same point on the other foot; step timethe time for one step from one event of one foot to the subsequent occurrence with the other foot; 'stance -the time when the foot is in contact with the ground; single supportthe time when only one foot is in contact with the ground.
Two (2) registrations at fast speed were recorded and one of them was used to evaluate the amputated leg and the other the nonamputated leg. The values of comfortable speed were taken from 2 representative recordings (1 for each leg). The values of speed were taken from the amputated leg. 
Interview
After 3 and 5 years the amputees' medical condition was checked as well as mass and height and how many hours a day they used their prostheses. Frequency and intensity of stump pain, phantom pain and stump problems were recorded. There were 2 questions about the advantages and disadvantages with the previous and the polyurethane concept and two about the maximal walking distance and the reason for walking limit. The amputees were interviewed about the prosthetic liner and prosthetic foot and their satisfaction.
Results
Questionnaire
All amputees answered the questionnaire 2 months' after fitting with the polyurethane concept. One (1) question about socket comfort (temperature) was impossible to evaluate.
Physical capacity: The amputees stated that the polyurethane concept was better or much better in 117 (67%) answers and that the previous concept was better or much better in 16 (9%) answers of 174 possible ( Table 2) .
Socket cornfort: The amputees stated that the polyurethane concept was better or much better in 119 (82%) answers and the previous concept better or much better in 8 (6%) answers of 145 possible ( Table 2) .
Practical handling: The amputees stated that the polyurethane concept was better or much better to don in 15 (52%) and previous concept better or much better in 12 (41%) of 29 possible ( Table 2) .
The answers about the greatest advantages and disadvantages with the 2 concepts showed that Table 3 . Comfortable walking speed (CWS) in ms.' and fast walking speed (FWS) in ms-' with the previous and the polyurethane concept and differences between the 2 situations given in ms-I.
'
23 amputees answered that the polyurethane had better comfort and 19 that the previous had worse comfort. Step 
Gait registration
Five ( 5 ) of 7 amputees increased comfortable walking speed and 4 of 6 increased fast speed with the polyurethane concept (Table 3) .
Gait symmetry (SI) in temporal and stride variables increased in 1, decreased in 6 cases and was the same in 21 (Table 4) .
Gait symmetry in kinematics variables increased in 12 cases and decreased in 7 and was the same in 9. Knee extension-flexion showed small differences ( Table 4 ).
More kinematics variables changed compared with temporal and stride variables to better or worse symmetry ( Table 4) .
None of the variables showed that symmetry was better with any-of the concepts.
Interview
After 3 years 4 amputees of 29 had died, 1 had dementia, 2 could not be found and 2 did not want to be interviewed. Twenty (20) amputees could be interviewed. In the total group of 25 the authors knew the prosthetic equipment of 24. TWO (2) had returned to the silicone concept. One (1) of them had much soft distal tissue and a problem to don the suspension and the other had worse balance, both did not like the ointment.
Twenty-two (22) amputees still used the polyurethane concept. Nineteen (19) of these used their prostheses at least 10 hours a day, 2 used their prostheses between 4 and 10 hours and 1 bilateral amputee only occasionally.
Eighteen (18) mentioned that the greatest advantage with the polyurethane concept was greater comfort than in the previous concept. Nine (9) who used the polyurethane concept with ointment answered that the greatest disadvantage was handling with the ointment but none of them wanted to return to the previous concept.
Nine (9) of the interviewed mentioned that stump pressure or stump pain was a limiting factor in walking, 5 had other problems with the non-amputated leg. Six (6) 'had no limits in walking distance.
After 5 years another 2 amputees had died, 1 could not be found and 1 did not want to be interviewed. Twenty-one (2 1) amputees could be interviewed. In the total group of 23 the authors knew the prosthetic equipment of 22.
Twenty (20) amputees used the polyurethane concept and 1 of them used a silicone' socket as an alternative for indoor use because it had a better fitting. Nineteen (19) used their prostheses at least 10 hours a day, 1 used his prosthesis between 4 and 10 hours due to illness and 1 had been amputated on the other side and used the prosthesis occasionally because he was not a walker any longer.
Fourteen (14) mentioned that the greatest advantage with the polyurethane concept was that it was Comfortable. Six (6) considered the greatest disadvantage with the polyurethane concept to be problems with the sleeve moving on the stump. Four (4) experienced that the Table 4 . Gait group. The difference of symmetry index for temporal, stride and kinematics variables with the previous and the polyurethane concept. The empty squares show that the difference was 10% or less. Positive value means that the symmetry was better with the polyurethane concept and negative that symmetry was better with the previous socket.
All variables were calculated for comfortable walking swed.
ointment was sticky. Eight (8) amputees did not find any disadvantages. Between 3 and 5 years with the polyurethane concept no noticeable difference in frequency and intensity of phantom pain or frequency of stump pain were found except 5 amputees in the non-vascular group had reduced intensity of stump pain.
Discussion
It is important to note that all amputees in this study had a liner they considered good despite certain problems, especially pain, before they were offered the polyurethane liner. The amputees were told that the authors wanted to evaluate a new liner and see if it was better or worse than their present liner. They were also assured that if they disliked the new liner they would get a liner similar to the one they used before. It is also important to remember that amputees in Sweden get their prosthesis free of charge. Thus the amputees could not be influenced to believe that the somewhat more expensive polyurethane liner should be better than the cheaper concepts since they did not know the price.
In this study there was a variation of age, indication for amputation, time after amputation, functional h i t s and daily physical activities as in many other studies (Dingwell et al., 1996; Hachisuka et al., 1998; Isakov et al., 1997) . Czemiecki and Gitter (1996) pointed out that the amputees are a very diverse group and many factors contribute to gait. This is a reason that it is difficult to get a homogeneous material for gait registration.
Various models of prosthetic feet influence the gait pattern. The range of ankle motion (Huang et al., 2000; Lehman et al., 1993; Postema et al., 1997a; Snyder et al., 1999 , velocity, stride length (Snyder et al., 1995 , single stance (Huang et al., 2000) and step length on the sound leg and knee flexion (Lehman et al., 1993) varied with different models of the prosthetic foot. It was therefore decided to register gait only in the 7 amputees from the Orthopaedic Department in Lund who kept the same prosthetic foot model. Various prosthetic feet were used in the total group of amputees but this may not influence the results of the socket comfort.
The authors wanted to evaluate differences of socket comfort, physical activities and gait between the previous and the polyurethane concept but found no valid and reliable instrument. Cluitmans et al. (1994) constructed a questionnaire to measure socket comfort, physical capacity and donning in trans-tibia1 amputees with the ICEROSS system and Hachisuka et al. (1998) made a questionnaire to evaluate the total surface-bearing (TSB) socket.
A questionnaire was constructed to compare the polyurethane concept and the previous one. As a rule amputees expect a new prosthesis to be better than the previous one. Therefore 3 amputees outside the study tested the questionnaire when they got their new prosthesis with the same concept as they had used before. Only small differences were visible. Prosthesis Evaluation Questionnaire-field version (PEQ) (Legro and Reiber, 1999) had been a useful instrument.
The amputees were interviewed in 1999 and 2001. The same person (IA) interviewed the amputees. In 2001 all were interviewed by telephone. The authors were not familiar with all the properties of the polyurethane concept at the start of the study in 1995 because the concept was new in Sweden. Because of this the same prosthetist was engaged during the entire study. It can therefore be assumed that even after a change of the polyurethane liner due to wear during the study the fit of the liner was about the same.
When the amputees compared the previous and the polyurethane concept after about 1 month there might be a risk that they had forgotten some advantages or disadvantages of the previous concept. Since the questionnaire was simple and the time interval was short it was believed the answers were reliable. It could not be evaluated if a warmer liner is an advantage or not.
A gait way of 10 m is common in laboratories (Isakov et al., 1997; Postema et al., 1997a; Snyder et al., 1995) but varies. Prince et al.
(1992) studied running in trans-tibia1 amputees and used a 25m walkway. The authors did not register running. Therefore the 10m walkway may be enough for fast walking.
At the second gait registration the amputees had only used the polyurethane concept for an average of 1.8 months. Perhaps the amputees in this study should have had more time to optimise their gait patterns.
Boonstra et al. (1993) showed that variance of walking speed between and within sessions in I . . &om and A. Stensfrom normal subjects, trans-femoral and knee disarticulation amputees was acceptable.
Within-session variation of speed was lower for amputees than normal subjects. The differences in fast speed were higher than in comfortable speed. This may be explained by the mechanics of the prosthesis that make greater differences in gait impossible (Boonstra et al., 1993) .
Some of the vascular subjects had low physical capacity. Therefore it was found to be significant to register 4 recordings at comfortable walking and 2 at fast speed.
The amputees got the greatest benefit of the polyurethane concept in comfort and they reported better comfort in 82% of the answers. In the study of Hatfield and Momson (2001) 36 of 56 (64%) amputees reported improved comfort with the polyurethane concept compared with the previous prosthesis.
In the present study none of the amputees wanted to return to the previous prosthesis after 2 months. Only one needed help to don. Eight (8) amputees answered that the greatest disadvantage was the sticky ointment. Today they can receive a well fitting polyurethane liner without ointment.
Some amputees had not tested the polyurethane concept outdoors and therefore 9 answers of the variable physical capacity were missed.
At the first registration the amputees had a tendency to walk slower as was found by Boonstra et af. (1993) . Subject 6 ran instead of "walk as fast as possible" and his speed was 2.5ms-1 with the polyurethane concept. This happened due to wrong instructions from the examiner.
The young amputees increased fast speed more than the elderly. Normal subjects older than 65 years decrease gait velocity and step length (Prince er af., Winter, 1991) .
All amputees had more range of motion in knee rotation during stance in the amputated leg with the previous socket compared with the non-,amputated leg. This may be explained by stance time with the previous socket being longer.
In this study the amputees had an asymmetry both with the previous and the polyurethane concept. Shorter step length was found in the non-amputated leg, shorter stance time on the amputated leg and lower comfortable walking speed and fast speed than normal. Czerniecki and Gitter (1996) found stance shorter on the amputated leg and Isakov et at. (1997) shorter step length on the non-amputated leg and stance shorter on the amputated leg. Stance was shorter on the amputated leg (Czemiecki and Gitter, 1996; Isakov et af., 1997) and step length shorter on the non-amputated leg (Isakov et al., 1997) . Velocity. cadence and stride length are statistically significantly higher in the traumatic group compared with the vascular (Huang et af., 2000) . The present small study showed the same results for both the original and the polyurethane concept.
Isakov et af. (1996) showed that symmetry between legs in temporal and stride variables and fast speed was not affected when speed increased and this was also found by the authors.
Symmetry index (SI) of 10% corresponded to 1" in those variables, which had ROM of about lo", for example knee rotation and about 6" when ROM was about 60", for example knee flexion.
The amputees need asymmetry in gait variables to compensate for getting an optimal gait because of the artificial foot (Isakov et af., 1997; Klute et af., 2001) . No obvious difference of the gait variables with the previous and the polyurethane concept could be identified.
Board et af. (2001) got better gait symmetry in trans-tibia1 amputees with a polyurethane concept when vacuum was used in the socket.
From this study gait analysis does not seem to evaluate socket comfort and physical capacity but the material is small. The authors found that gait registration in a laboratory is not a method to evaluate clinically important variables for unilateral trans-tibial amputees. Other authors have also established this (Postema et al.. 1997a; Rietman et al., 2002) .
In this study comfort improved considerably. It was found that 4 amputees had no limit in walking at the second interview and they had reduced stump pain intensity. After 5 years 18 amputees answered that the greatest advantage 'of the polyurethane liner was that it was more comfortable.
Comfort and mobility (Klute et af., 2001 ) are 2 of the most important factors that influence the functional status. Legro et af. (1999) found that fit of the prosthesis and ability to walk were the most important. Postema et af. (1997b) found that amputees rated absence of stump pain and stability during walking as the most important.
In the second interview 9 amputees of 21 (43%) had phantom limb pain less than once a month and 7 had stump pain less than once a month. Seven (7) in the non-vascular group who had stump pain could walk more than looOm and 3 in the vascular group who had stump pain walked less than 5OOm and these amputees were older than the non-vascular. Some amputees seemed to avoid walking because of the risk of pain. Kelly et al. (1998) found that not until pain was measured to 34% or more on a visual analogue scale (VAS) did gait velocity decrease. Ehde et 01. (2000) found that phantom limb pain existed in 72% and stump pain in 74% in lower limb amputees and this differs from the results in the present study.
In the beginning of the study the polyurethane concept was worn through particularly for the physically active amputees. Nowadays the material of the liner lasts longer because of better production.
Two (2) amputees with very insufficient stump circulation had a p o d effect from the polyurethane concept. The quality of the polyurethane liner is probably the reason. This showed the importance of having the most comfort possible. The amputees' satisfaction and socket comfort remained rather stable between 3 and 5 years after introduction of the polyurethane concept. At the second interview 19 of 21 amputees mentioned that the polyurethane concept was the best they have had.
Conclusion
After 5 years 23 amputees of 29 were alive and 20 of them still used the polyurethane liner. Nineteen (19) of 21 interviewed expressed that this concept was the best they have used. Comfort increased considerably and the physical activity increased when the trans-tibia1 amputees changed to the polyurethane concept and this effect remained for 5 years. The authors found that gait registration is not a method to evaluate prosthetic comfort or physical activity.
